Near-infrared spectroscopy has been used to record oxygenation changes in the visual cortex of 4 month old infants. Our in-house topography system, with 30 channels and 3 different source-detector separations, recorded changes in the concentration of oxy-, deoxy-and total haemoglobin (HbO 2 , HHb and HbT) in response to visual stimuli (face, scrambled visual noise and cartoons as rest). The aim of this work was to demonstrate the capability of the system to spatially localize functional activation and study the possibility of depth discrimination in the haemodynamic response. The group data show both face stimulation and visual noise stimulation induced significant increases in HbO 2 from rest, but the increase in HbO 2 with face stimulation was not significantly different from that seen with visual noise stimulation. The face stimuli induced increases in HbO 2 were spread across a greater area across all depths than visual noise induced changes. In results from a single subject there was a significant increase of HbO 2 in the inferior area of the visual cortex in response to both types of stimuli, and a larger number of channels (source-detector pairs) showed HbO 2 increase to face stimuli, especially at the greatest depth. Activation maps were obtained using 3D reconstruction methods on multi source-detector separation optical topography data.
Introduction
Near-infrared spectroscopy has been used extensively to monitor changes in the concentration of oxy and deoxyhaemoglobin resulting from neural activity in the human brain (Obrig and Villringer 2003 , Hoshi 2003 , Aslin and Mehler 2005 , Bunce et al 2006 . The technique is non-invasive, affordable and portable. It has found widespread application in studying brain function in infants during visual (Meek et al 1998) , auditory (Sakatani et al 1999 , Nissila et al 2004 , olfactory (Bartocci et al 2000) and motor (Hintz et al 2001) stimulation. More recently, NIRS has been used to investigate the neural basis of more complex cognitive abilities during the first year of life (Baird et al 2002 , Wilcox et al 2005 , Csibra et al 2004 , Peña et al 2003 , Minagawa-Kawai et al 2007 , Bortfeld et al 2007 , with a view to characterize functional brain development.
Current state of the art of NIRS technology is limited to the measurement of the haemodynamic activation of the outer layer of the cortex, as shown by Monte Carlo simulation of near-infrared light propagation on models of the adult head (Okada et al 1997) . However, whereas in adults the spatial profile of near-infrared light remains quite superficial, i.e., in the grey matter of the cortex, in the neonate head, an increase in the source-detector spacing increases the interrogated volume of tissue into deeper layers (Fukui et al 2003) . This provides an opportunity to extend the use of NIRS technology to the field of developmental cognitive neuroscience (where techniques such as positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) have more limited application). For these studies, it is necessary to interrogate regions beyond the superficial layers of the cortex and to introduce depth discrimination into NIRS functional activation measurements.
There have been several studies that have used near-infrared spectroscopy to investigate haemodynamic responses to visual stimuli in the occipital cortex of human infants. To date, the majority of these studies have used simple stimuli such as a chequerboard or white light (Kusaka et al 2004 , Hoshi et al 2000 , Taga et al 2003 . There is, however, a substantial body of evidence measuring neural correlates of face perception in infants using behavioural and ERP methods (Halit et al 2003 , de Haan et al 2002 , Tzourio-Mazoyer et al 2002 . Faces are so important to humans that we have specialized brain areas for processing them (Kanwisher et al 1997) . Newborn infants orient to schematic face stimuli (Farroni et al 2005) and can discriminate faces within the first days of life (Pascalis et al 1995) . In a previous study, we used stimuli of face and scrambled face photographs to investigate responses in the occipital cortex (Csibra et al 2004) . This study demonstrated that NIRS could be used to detect haemodynamic activation in response to faces in both infants and adults. However, spatial localization of the activation was fairly limited, as only a two channel system was used, with probes positioned one pair on the frontal and the other pair on the visual cortex (NIRO 300, Hamamatsu Photonics).
Over the last decade, a number of optical topography systems have been developed that allow multiple measurements of attenuation over a large area of tissue (Yamashita et al 1999 , Takahashi et al 2000 , Franceschini et al 2003 , Everdell et al 2005 , Kusaka et al 2004 , Colier et al 2001 . However, the two-dimensional maps produced by most optical topography systems originate from equally spaced source-detector pairs and provide no depth information. NIR tomography data can be used for 3D image reconstruction (Benaron et al 2000 , Bluestone et al 2001 , Gibson et al 2006 , which can in turn be integrated with functional magnetic resonance imaging (Zhang et al 2005) for better localization of the activation. Although optical tomography has the capability to provide full 3D images, the acquisition time of the system is typically in the region of minutes and the heavy attenuation of light across the infant head restricts its use to measurements in neonates (with less than 11 cm head mean diameter).
Our NIR optical topography system has a sensor pad array of 16 laser diode sources (8 at 780 nm and 8 at 850 nm) and 8 avalanche photodiode detectors (Everdell et al 2005) and uses a frequency multiplexed approach to record signals from all sources that a detector can receive light from. We can, therefore, record from up to 30 source-detector pairs (or channels) with only 8 source and 8 detector points. We have designed the distribution of the source and detector points on the sensor pad not only to maximize the number of channels, but also to include three different source-detector separations interrogating three different depths within the infant head.
The aim of this study was to investigate haemodynamic responses to a complex visual stimulus in 4 month old babies by using our in-house topography system with 30 channels and 3 different source-detector separations to cover not only a large portion of the surface of the visual cortex but also to interrogate different depths within the cortex.
Methods

Subjects
Data were recorded from 12 healthy 4 month old babies (6 boys and 6 girls, mean ± SD age 126 ± 6 days) at the Centre for Brain and Cognitive Development Babylab, Birkbeck, University of London. A total of 38 babies were selected to participate in the study, although 26 babies had to be excluded from the analysis because of excessive head movement and/or failure to look at the stimulus for a sufficient length of time. Ethical approval was obtained for this study from the local ethics committee and informed written consent was obtained from all the parents.
Protocol
The protocol used in our studies was similar to that used in a previous study in which measurements were made with two source-detector pairs (Csibra et al 2004) . The babies sat comfortably on their parent's lap facing a video screen and were encouraged to watch the screen for as long as possible. The stimuli were presented in a cyclic loop, starting with animated cartoons to attract the babies' attention. After at least 10 s of cartoons, 10 different face images were presented at a rate of one per second. This was followed by at least 10 s of cartoons, after which 10 visual noise images were presented, again at a rate of 1 per second. For each trial, the infants had to look continuously for a minimum of 4 s to the cartoons before either the face or noise stimuli were presented.
Face stimuli were full colour images of five female faces and visual noise stimuli were artificially constructed images with the same spatial frequencies and colour distribution as the faces (Goffaux et al 2003; see figure 1 ). The study lasted for as long as the baby was willing to look at the images (typically between 3 and 12 min).
Instrumentation
NIRS data were recorded using the UCL topography system (Everdell et al 2005) , with a sensor pad of 16 sources (8 at 780 nm and 8 at 850 nm), which are illuminated simultaneously and 8 detectors operating in parallel. The system uses a frequency multiplexed approach allowing rapid data acquisition with a good signal-to-noise ratio (56 dB) and flexibility in the source detector geometry used in the array. Fourier transform software is employed to demultiplex multiple source signals which are each modulated at a different frequency ranging from 2 kHz to 4 kHz. The frequencies are kept within one octave to avoid interference from harmonics. The mean power emitted by each laser diode is approximately 2 mW. Each source and detector is coupled to the scalp via a 1 mm diameter multimode optical fibre. For these studies, a custom made optode array was designed as shown in figure 2. The 8 source optodes and 8 detector optodes were arranged to allow recording from a total of 30 channels (source-detector pairs) with 12 channels having a source detector spacing of 1.43 cm, 9 channels having a source-detector spacing of 1.78 cm and 9 channels having a source-detector spacing of 2.20 cm. The 12 channels with source-detector separations of 1.43 cm were assumed to be interrogating nearest to the surface depth (referred as shallow depth), the 9 channels with source-detector separations of 1.78 cm were assumed to be interrogating mid-depth (intermediate depth) and the 9 channels with source-detector separations of 2.20 cm were assumed to be interrogating furthest from the surface (greatest depth).
The optodes were held in the array using a lightweight aluminium shell lined with soft light absorbing foam, which was held on the head using a Coban strap (figure 3). The centre of the array was positioned over the visual cortex between O1 and O2 (10-20 electrode placement system, Jasper 1958) . NIRS data were acquired at 10 Hz.
Behavioural monitoring
A video recording was made of each infant. Following the study, the video was reviewed by an experimenter who coded the amount of time the babies looked at each stimulus. This was the first step in the selection of valid trials. For a trial to be considered valid, the baby had to be looking at the screen for at least 4 s prior to the stimulus onset and then look for at least 8 s during the presentation of the stimulus. Trials during which the infant was not attending to the screen or where there was excessive head movement were rejected from further analysis. A minimum of four trials with each type of stimulus were required to include a baby in the study.
Data processing
2.5.1. Data rejection. The recorded attenuation measurements for each data set were initially inspected and channels that showed evidence of poor signal-to-noise ratio (SNR < 5 dB, measured in the 4 s pre-stimulus onset period) together with a large standard deviation in the rest period across all trials (>1.8 µM), mismatch in attenuation at the two wavelengths (possibly due to the foam from the pad obstructing one of the fibres in the source optode, evaluated by comparing the variability of the attenuation signal from each wavelength in the rest period) or saturation of the detector (detection of physiologically unrelated oscillations around 1 Hz by spectral analysis), were rejected from further analysis. The average number of channels rejected per baby was 6, with a minimum of 1 channel rejected (in 1 baby) and a maximum of 9 channels rejected (in 2 babies). If the rejected channels were all clustered around a specific area of the pad for the same source-detector separation, the baby was excluded from the study. At most, three neighbouring channels were allowed to be rejected for each depth, with a total maximum of 10 channels for a single baby. 
Data analysis.
For each participant, the signal was low-pass filtered and divided into 24 s sections. Each section consisted of 4 s of rest prior to stimulus presentation, (pre-stimulus baseline); 10 s of stimulus (either face or noise) and 10 s of rest post-stimulus (post-stimulus baseline). For each of these sections, the attenuation data were detrended with a linear fit between the first and last 4 s of the block, where we assumed all stimulus effects on the signal had subsided. Then, the pre-processed data were converted into changes in the concentration of HbO 2 and HHb using the modified Beer Lambert law and assuming a differential pathlength factor for infants (Duncan et al 1995) . For each infant, we averaged trials grouped by stimulus type and we obtained a time course of the mean change in HbO 2 and HHb at each channel and for each stimulus type. Statistical comparisons were made within each channel between baseline (zero) and maximum increase of HbO 2 , HHb and HbT (= HbO 2 + HHb) with each stimulus type for the group of infants with good data for that particular channel. Further analysis of the channels with a significant increase of the signals was conducted to compare the maximum increase of HbO 2 between the two types of stimulus. One baby was selected as the representative of the responses to the presented stimuli. Maximum HbO 2 increase was analysed for this subject and a 3D reconstruction of the activation was carried out. It must be noted that it was necessary to present cartoons in the rest period in order to keep the infants' attention on the screen. The significant signal changes quoted in the results are, therefore, changes from this 'rest' condition in which cartoons were presented.
Image reconstruction.
The multiple source-detector separations available from this array allow for three-dimensional (3D) tomographic image reconstruction which provides better overall image quality than the more usual two-dimensional mapping technique (Boas et al 2004) . We chose to reconstruct 3D images using the Rytov approximation (Arridge 1999) in which measured changes in log(amplitude), y, are assumed to be related to changes in the optical absorption, x, by the matrix equation y = A x, where A is the Jacobian or sensitivity matrix. A was calculated using a software package known as TOAST (Arridge et al 2000) by solving the diffusion equation using the finite element method applied to a finite element mesh of tetrahedra with quadratic interpolation functions, which was generated using Netgen (Schöberl 1997 Moore-Penrose generalized inverse x = A T (AA T + λ I) −1 y, where the regularization parameter λ was set to 10% of the largest singular value of AA T and I is the identity matrix.
Results
For each source-detector pair, we obtained one time series of the change in HbO 2 , HHb and HbT per baby. We measured the maximum increase of each with respect to the prestimulus baseline level in the interval between 4 and 13 s post-stimulus onset. Analysis of HbO 2 increase (group averaged) showed that in face trials, (a) at the shallow depth, there was a significant increase in the signal in three channels, most clustered in the inferior part of the pad; (b) there was only one channel at the intermediate depth with a significant HbO 2 increase; and (c) at the largest source-detector separation, four channels showed a significant signal increase. Additionally, at the greatest depth, two channels also had an increase in HbT. Figure 4 shows the channels with HbO 2 and joint HbT-HbO 2 significant increases with face and noise stimulation. Although not reflected in figure 4 , two channels at the greatest depth (13 and 23) also showed an increase in HHb. The same analysis performed in noise trials found a significant increase in HbO 2 in one channel, the same one at intermediate depth where an HbO 2 increase was detected with face stimulation. HbT increased in channels 17 (shallow depth) and 6 (greatest depth), whereas HHb increased in channels 2 (intermediate source-detector separation) and 6. It is interesting to note that where there was an increase in HbO 2 , HbT did not necessarily change. Our results show that HbO 2 is the chromophore with most sensitivity to change after stimulation; therefore our results from now on will focus on changes in HbO 2 . Time of peak range of HbO 2 in face trials at the channels where its increase was significant was between 5.1 and 11.6 s after stimulus onset. The corresponding range for noise trials was between 7.3 and 11.5 s. Post-hoc analyses of the maximum increase in HbO 2 in face and noise trials on the channels shown in figure 4 with paired T-test only detected a significantly different increase in face versus noise trials (P < 0.05) in channel 6, at the greatest depth. Analysis of the time course of HbO 2 between 4 and 13 s post-stimulus onset with two-way repeated measure analysis of the variance using 'time' and 'trial' as factors, shows a significant effect of 'time X trial' in channels 17 (shallow depth, P < 0.001), 25 (intermediate depth, P = 0.020) and 23 (greatest depth, P < 0.001), suggesting the change in time of the signal depends on the type of stimulus.
Statistical comparison of haemodynamic activation across infants may conceal important effects in the results because (a) there may be differences in the location of peak activation between babies, (b) the signal change may have had a different time course in different babies, and because of (c) the slight variations in the exact position of the probe on the infant head. For this reason we present an analysis for a single infant (identified as baby A), who was chosen because there were sufficient number of face (8) and noise (9) trials for statistical power in her recording. Figure 5 shows the averaged time course of HbO 2 (in mean ± SE) across 8 face and 9 noise trials for baby A. For this baby, there was activation associated with both face and noise stimulations in the inferior channels of the array at intermediate and greatest depths. Analysis of the maximum HbO 2 increases across the face trials for this baby showed (a) a significant increase in the signal in all the channels in the inferior two rows of the pad (13, 16, 19, 23, 26 and 29) for the greatest depth (P < 0.05) and (b) a significant increase in channel 18 in the intermediate source-detector separation. After visual noise onset, there was an increase of HbO 2 in (a) channels 16, 19 and 23 in the greatest depth (P < 0.05) and (b) channels 15 and 25 in the intermediate depth. However, when face activation was compared to noise activation by evaluating the magnitude of the amplitude increase from the baseline level in a 4-13 s post-stimulus onset window (two-tailed T-test), no significant differences were found. Channel 6 for baby A was discarded from the analysis due to the poor quality of its intensity signals.
We averaged baby A's data across channels by grouping them by source-detector separation to enhance the depth discrimination capabilities of the system by smoothing out the noise (figure 6). We found that, for baby A, activation with face induced an increase in the HbO 2 signal that was significantly different from the baseline only at the greatest depth (P < 0.05). Furthermore, this increase was larger with face than with noise stimuli (paired T-test, P < 0.05). No significant changes were detected in the depth-averaged HHb signal. Figure 7 shows tomographic reconstructed images of peak HbO 2 changes in baby A in a slice 6 mm thick (averaged between 6 and 12 mm from the surface of the scalp) and with an area of 85 × 85 mm (24 × 24 × 1 in pixels). The top and bottom of the figure correspond to superior and inferior parts of the visual cortex. Figure 7 (a) shows that with face stimulation there is a noticeable increase in HbO 2 in the lower area of the visual cortex spread to both sides of the midline. With visual noise stimulation ( figure 7(b) ), the maximum increase in HbO 2 is shifted towards the central region of the visual cortex with a possible region of decrease in HbO 2 adjacent to the maximum HbO 2 increase.
Reconstruction of face HbO 2 change with noise as a reference did not provide any additional information. This was expected as statistical analysis did not find any difference in processing face or noise stimuli in any single channel for baby A.
Discussion
We used a multi-channel NIRS system for measuring haemodynamic response to complex visual stimuli in 4 month old infants, extending previous work by our group with a dual channel system (Csibra et al 2004) . The aim of this work was twofold: on the one hand, to differentiate responses to noise and face stimuli in the visual cortex of infants; on the other hand, to test whether our NIRS system was able to pick up haemodynamic activation with some depth resolution. Additionally, we have tentatively used the multi-distance topography data with a 3D image reconstruction algorithm originally designed for tomography data. The current state of the algorithm is limited in the depth dimension, so our preliminary results show where in the surface of the pad the activation occurs, but only in a slab as thick as the depth sensitivity of the three source-detector separations combined. Our group data suggest that face stimulation activates a larger area of the visual cortex than does visual noise stimulation, as there were more channels with significant HbO 2 increase with face (8 channels) than with noise (1 channel) stimuli. Thus the data show there are differences between face activation and rest and between noise activation and rest, although these differences are less prominent in the latter case. Of those channels with HbO 2 increase associated with face stimulation, three were found at the smallest source-detector separation (shallow depth channels). No significant changes in either HHb or HbT concentration were seen in these channels. At the intermediate depth there was a consistent increase in HbO 2 at one channel (channel 25) with both types of stimulation. At the greatest depth, the significant increase in HbO 2 and HbT was spread across the interrogated area, but the haemodynamic response seemed to be stronger at the inferior part of the probe. The spatial localization of the signal increase observed in the lower half of the pad placed across the midline and centred on Oz (international 10/20 system), and regardless of depth, is in agreement with topography studies where visual stimulation was used with 2-6.5 month old infants (Wilcox et al 2005 , Taga et al 2003 . The design of the array ( figure 2(a) ) means that the mid-point of the 1.78 cm and 2.20 cm source-detector separations occur at the same point making the grid geometry for the intermediate and greatest depths identical. The grid geometry for the shallow depth is different and depends upon more source-detector pairs (12 pairs compared to 9 for the intermediate and greatest depths). Taking this into account, the percentage of channels with significant activation at shallow depth is 8.3%, intermediate depth is 3.7% and at the greatest depth is 14.8%. It would appear then that the deepest channels seem to be picking up more activation. However, it should be pointed out that, although the array is relatively small, the shallow channels do not measure in the exact same positions as the other channels. This may have affected the differences seen between the number of channels activated at the shallow depth and the other two depths.
Even though the number of channels with face-induced increase in HbO 2 was greater than the number of channels with noise-induced changes, we were only able to pick up differences between face and noise trials in three of these channels, one at each depth. Our results suggest that the difference between the haemodynamic response to face and visual noise stimuli over the visual cortex is expressed more in the change in amplitude of the signal than in its spatial localization. It is possible that these differences could be more easily measured on other parts of the cortex (Kanwisher et al 1997) .
The observed direction of HbO 2 change agrees with previous NIRS functional activation studies of the visual cortex in infants (Meek et al 1998 , Wilcox et al 2005 , Taga et al 2003 (in newborns to 3 month olds). There is some discrepancy in the directional changes in HHb in infant studies, with reports of HHb increasing (Meek et al 1998) , decreasing (Taga et al 2003) or being dependent on location (Wilcox et al 2005) .
The latency to the peak of HbO 2 increase in our data ranged between 5.1 and 11.6 s post-stimulus onset. This range is slightly wider than that reported in Taga et al (2003) , where visual stimulation in infants with a reversing checkerboard induced a response in the visual cortex that peaked between 8 and 10 s post-stimulus onset. A faster rise to peak (4.2 ± 2.0 s) was reported by Meek et al (1998) . This difference may be due to the setup used in the latter, with a single source-detector pair and a larger separation between them (3.5 cm). The type of stimulus may also influence the speed of the response as olfactory stimulation induced an haemodynamic response starting 5-10 s after stimulus onset and peaking about 30 s later (Bartocci et al 2000) , and object processing in the visual cortex induced a response with a plateau starting 10 s post-stimulus onset that peaked 25-35 s later (Wilcox et al 2005) .
A number of groups have been developing NIRS systems that incorporate depth resolution information. Most are time-gated systems (Selb et al 2005 , Contini et al 2006 , which have the disadvantage of low sampling rate and long stabilization/cooling times, but the advantage of good spatial resolution and penetration depth (Strangman et al 2002) . One advantage of our system is that by using software to decode the signal from each source modulated at a different frequency, it is easily adapted to different probe designs, and consequently enables the area and depths of the interrogated volume to be easily tailored to the requirements of any study. For the present study, we chose multiple source-detector separations to investigate whether any depth discrimination in the NIRS data could be seen.
When averaging the group data per depth (all channels at each source-detector spacing), we found a significant increase in HbO 2 at intermediate and greatest depths with face stimulation, but no significant increase at any depth with noise stimulation nor a significant difference between face and noise maximum increases. Figure 6 shows the depth averaged results for baby A. In this case, the increase in the signals with face stimulation was significant at the greatest depth and it was larger than with noise stimulation. This suggests there may be some discrimination in the response as a function of depth. Channel by channel analysis of the changes induced in the signals from baby A also shows predominance of activation at the greatest depths. All channels of the inferior two rows at the greatest depth show a significant increase in HbO 2 with face activation, whereas only three (out of nine) channels at this depth and three (out of nine) channels at the intermediate depth show significant increase with noise stimuli (figure 5). These results are in agreement with the group data and represent the typical time course of activation for this type of stimulation. The reason for averaging the signals within each depth was to emphasize the possible differential activation between depths. However, by averaging across channels the amplitude of the signal change is diminished where channels showing activation are averaged with channels where no change is detected. One possible solution would be to translate the channel information onto a 2D map for each depth and then compare activation voxel by voxel. This comparison would work fine between intermediate and greater depths, as the source-detector midpoints are coincident for those two depths (see figure 2) , but some grid correction would have to be applied at the shallow depth, which has more channels and the theoretical measuring points are differently distributed. Further work is required to determine the best approach to this issue.
Decreases in HbO 2 have been observed in some channels at the beginning of the stimulation period, specially with noise stimuli. These can be seen in the inferior portion of the pad for the intermediate and greatest depths for the single-infant data (figures 5(a) and (b)). These decreases in HbO 2 may be attributed to the fact that during the rest period the infants were looking at cartoons to keep them focused on the screen. Thus, a decrease in HbO 2 may suggest a reduced level of activation at the start of noise stimulation with respect to the cartoons.
In addition to mapping brain activity at each depth, one of the most promising future applications of this topography system is the possibility of reconstructing a three-dimensional activation image from the data obtained with the different source-detector separations which gather information from different depths within the cortex. Here we have presented the activation map for a single subject as a 2D slice (24 × 24 × 1 pixels) through a 3D volume at a depth of 6 mm obtained from the multi-distance topography data. More work needs to be done to determine how the topography data, essentially a group of unidimensional measurements, can be transformed into a 3D image. It is important to note that better 2D activation maps could be produced using reconstruction methods that take in account the position and the different spacings between sources and detectors.
The quantitative changes shown in figure 7 (maximum increase of the order of 40 µM) are much larger than that shown in figure 5 by the HbO 2 time course. This discrepancy can be explained by the problem of partial volumes (Kocsis et al 2006 , Gibson et al 2006 , whereby the single channel measurements assume that the change is homogeneous whereas the reconstructed image shows a more accurate spatially localized change. Nevertheless, the magnitude of the HbO 2 increase shown in figure 7 is consistent with the change measured on the motor cortex with optical tomography and reconstructed using the same algorithm with similar parameter settings (Gibson et al 2006) . However, the exact value of the change should be treated with caution as its absolute value is highly dependent on the reconstruction parameters, in particular on the regularization parameter λ. If instead of 10% λ was set to 1% then the reconstructed change would not fall within the expected physiological range. The area of activation remains the same regardless of the value of λ.
The simultaneous use of several sources inevitably causes excess shot noise in the detected signal. There are several ways to address this, and one would be to optimize the sourcedetector separations (the larger the distance, the worse the signal) and another one would be to sequentially illuminate sources. Further work is required to deal with the volume of data from our system. For example, we need to address the analysis of the multi-channel and multi-subject data, taking into account all interactions within subjects and between channels that may play a role in the shape of the responses. Another concern that needs to be addressed is the high drop-out rate, which was mainly due to infant discomfort that reduced the amount of time the infant was willing to cooperate. Improving the probe design would not only address this problem but would also help reduce the amount and magnitude of movement artefacts present in the signals. Figure 3 shows the probe used in our studies. The optical fibres of our probe approach the head at a 90
• angle. This arrangement has the advantage that the fibres are held away from the subject, preventing the babies from grabbing them, but as the area of contact fibre pad is small, they are more prone to move with respect to the pad than if the fibres were tangential to the surface. This directly affects the quality of the signals, making this design susceptible to movement artefacts. Work is being done to improve the probe design by terminating each fibre with a 90
• prism, enabling the fibres to be tangential to the scalp. This should make the probe less susceptible to movement artefacts while still maintaining good contact with the scalp and providing an acceptable level of comfort for the infants. Although movement artefacts were a major contributor to the drop-out rate on our data, other factors such as physiological noise from heart rate, respiration or vasomotion could also interfere with the signals. However, we did not notice this kind of interference in our data. This may be because the lower thickness of the skin compared with the large source-detector separations, together with the smaller vascular compliance in infants (Goodwin et al 2004) make these effects less evident.
Conclusion
We have demonstrated that multi-channel continuous wave NIRS can be applied to the assessment of functional brain activation in human infants by showing that visual stimulation with faces induces an HbO 2 increase in more channels, thus in a larger area, than visual stimulation with noise. Moreover, we were able to localize where, on the area of the visual cortex probed, the stimuli-related changes occurred. Specifically, we found significant increase of the signal in the inferior region of our probe. The multi-distance NIRS has the potential to provide information about the depth within the cortex where activation originates. Finally, we have shown that it is possible to spatially resolve the location of a specific activation in a 2D plane. We believe the true potential of the method can be achieved when multi-distance measurements are used as input of a 3D reconstruction protocol based on a realistic geometry for the infant head.
